Introduction
Triketone-terpene adducts are widely present in the family Myrtaceae as important secondary metabolites, which have diverse carbon skeletons and possess antimicrobial, antitumor, and anti-inammatory activities. [1] [2] [3] [4] [5] The plant Myrtus communis 'Variegata' (Myrtaceae), a colored-leafed evergreen shrub, is native to the Mediterranean region and has been traditionally used as a disinfectant and antiseptic agent. 6 Previous phytochemical investigations on some plants of the genus Myrtus had led to the isolation of terpenoids, avonoids, and meroterpenoid derivatives including triketone-terpene adducts.
7-11
However, the chemical constituents of Myrtus communis 'Variegata' have not been reported. As part of our search for structurally unique and biologically active constituents from Myrtaceae plants, [11] [12] [13] [14] [15] [16] three new sesquiterpene-based meroterpenoids, myrtucomvalones A-C (1-3), together with four known analogs (4-7) were isolated from the leaves of the title plant ( Fig. 1) . Compounds 1 and 2 represent the rst examples of cubebane-based triketone-terpene adducts with an unusual skeleton. The structures and absolute congurations of these new compounds were elucidated by spectroscopic analysis, Xray diffraction, and electronic circular dichroism (ECD) calculations. Moreover, compounds 1-7 exhibited inhibitory activities against respiratory syncytial virus (RSV) with IC 50 values ranging from 11.67 AE 0.95 to 46.33 AE 3.75 mM. In this paper, we describe the isolation, structural elucidation, and anti-RSV activities of 1-7. Results and discussion (Fig. 2) . In addition, the HMBC correlations between Me-14 and C-1/C-9, between H 2 -3 and C-1/C-4/C-5, between H 2 -2 and C-1, and between H-15 and C-4 suggested the presence of a cubebane moiety (b) in 1 (Fig. 2) . Furthermore, the HMBC cross-peaks between H-7 0 and C-1 0 , and between H-15 and C-1 0 indicated the connection of the cubebane and triketone units via a C-7 0 and C-15 bond. Based on the molecular No. formula information as well as the upeld shi at C-6
and downeld shi at C-4 (d C 90.5), the oxygen atom leover was deduced to bridge C-4 and C-6 0 to form a dihydropyran ring ( Fig. 1 ).
In the NOESY spectrum, the correlations between H-5 and H-7/ H-9a, between H-6 and H-2b/H-3b/H-11/Me-12, as well as between H-15b and H-3b/H-7 0 established the relative conguration of 1 (Fig. 3) . The complete structure and stereochemistry of 1 were further conrmed by an X-ray diffraction analysis. The nal renement of the Cu Ka data resulted in a small Flack parameter of À0.05 (11), allowing an unambiguous assignment of the absolute congurations of 1 as 1R, 4S, 5R, 6R, 7S, 10R, 7 0 R (Fig. 4 ). established to have the opposite congurations to those of 1 through the NOESY correlations between H-5 and H-7/H-9b, between H-6 and H-3a, between H-10 and H-8a, as well as between H-7 0 and H-3b (Fig. 3) . The structure and relative conguration of 2 were further conrmed by X-ray crystallographic analysis (Fig. 4) . To determine the absolute congurations of 2, a comparison between the experimental and calculated circular dichroism (CD) spectra using the time-dependent DFT method was performed. The measured CD spectrum of 2 showed a positive Cotton effect at 304.5 (D3 +4.8) nm as well as a negative one at 260.7 (D3 À24.1) nm, which were consistent with those of the calculated CD spectrum for 1R, 4R, 5R, 6R, 7S, 10R, and 7 0 S isomer (Fig. 5) . Hence, the absolute congurations of 2 were elucidated as 1R, 4R, 5R, 6R, 7S, 10R, and 7 0 S. (Table 1) suggested that they had the same substructure of an isobutyl syncarpic acid unit (a) (Fig. 2) . The remaining 15 carbons was assigned to a sesquiterpene moiety. The 1 H-1 H COSY spectrum showed the presence of two spin systems (H-3 to H-9 0 /H-10 0 , and H-5 to H-9) (Fig. 2) . Furthermore, the HMBC correlations between H-6/H-7/H-12/H-13 and C-11, between H-3 and C-4/C-5, between H-15 and C-4, between H-9 and C-1/C-10, as well as between H-14 and C-10 established the construction of a bicyclogermacrene unit (b) (Fig. 2) . Moreover, the HMBC correlations between H-7 0 and C-10/C-1 0 / C-2 0 /C-6 0 indicated the connection of parts (a) and (b) via a C-1 and C-7 0 bond. Finally, the closure mode of dihydropyran ring connecting the two fragments could be deduced on the basis of the molecular formula information as well as the upeld shi at C-6 0 (d C 170.0) and downeld shi at C-10 (d C 84.0).
In the NOESY spectrum of 3, the correlations between H-8b and H-1, between Me-13 and H-1/Me-15, between H-6/H-7 and Me-12, as well as between H-8 0 /H-9a and Me-14 conrmed the relative congurations of C-1, C-6, C-7, C-10, and C-7 0 (Fig. 3) . To determine the absolute conguration of 3, the ECD curves for the two possible enantiomers (1R, 6S, 7R, 10S, 7 0 S-3, and 1S, 6R, 7S, 10R, 7 0 R-3) were respectively calculated using the timedependent DFT method. The experimental CD spectrum of 3 exhibited positive Cotton effects at 294.2 (D3 +6.7) and 203.1 (D3 View Article Online +10.5) nm as well as a negative one at 253.4 (D3 À31.0) nm, which were similar to the calculated curves of 1R, 6S, 7R, 10S, 7 0 S-3 (Fig. 5) . Thus, the structure of 3 was determined.
The known compounds callistiviminene J (4), 19 callistiviminene K (5), 19 callistiviminene M (6), 19 and callistiviminene N (7) 19 were identied by comparison of their physical and spectroscopic data with those reported in the literature.
The antiviral activities of phloroglucinol-terpene adducts from family Myrtaceae had been reported. 20, 21 Thus, the antiviral effects of compounds 1-7 against respiratory syncytial virus (RSV) were evaluated in HEp-2 cells using the cytopathic effect (CPE) reduction assay. Compounds 3, 5, and 7 exhibited moderate inhibitory activities against RSV A2 strain with IC 50 values ranging from 11.67 AE 0.95 to 15.85 AE 3.02 mM, while the IC 50 value of the positive control ribavirin was 10.20 AE 0.90 mM. Cytotoxicity evaluation using the MTT (3-[4,5-dimethyl-thiazol-2-yl]-2,5-diphenyl tetrazolium bromide) assay showed that all compounds 1-7 were weak toxic to HEp-2 cells. Therefore, compound 5 showed the best antiviral selective induce (SI) ( Table 2) .
IC 50 was detected by plaque reduction assay aer the screening with CPE reduction assay; data are expressed as mean AE SD; CC 50 was tested by MTT assay; data were expressed as mean AE SD; SI value equals to CC 50 /IC 50 .
In summary, three novel triketone-sesquiterpene adducts (1-3) along with four known ones (4-7) were isolated from the leaves of Myrtus communis 'Variegata'. Compounds 1 and 2 are a new type of meroterpenoids combined by b-triketone and cubebane units. The anti-RSV activities of compounds 1-7 are reported for the rst time.
Experimental

General experimental procedures
Melting points were obtained on an X-5 micro melting point apparatus and are uncorrected (Fukai Instrument, Beijing, P. R. China). Optical rotations were measured on a JASCO P-2000 digital polarimeter (Jasco, Tokyo, Japan) at room temperature. UV spectra were determined on a JASCO V-550 UV/vis spectrophotometer (Jasco, Tokyo, Japan). IR spectra were recorded on a JASCO FT/IR-4600 plus Fourier transform infrared spectrometer (Jasco, Tokyo, Japan) using KBr pellets. ECD spectra were obtained on a JASCO J-810 spectropolarimeter (Jasco, Tokyo, Japan) at room temperature. HR-ESI-MS spectra were acquired on an Agilent 6210 LC/MSD TOF mass spectrometer (Agilent Technologies, CA, USA). NMR spectra were measured on Bruker AV-500 spectrometer (Bruker, Fällanden, Switzerland). Single-crystal data were performed using an Agilent Gemini S Ultra diffractometer and Cu Ka radiation. Silica gel (200-300 mesh; Qingdao Marine Chemical Inc., Qingdao, P. R. China), Sephadex LH-20 (Pharmacia Biotech AB, Uppsala, Sweden), and reversed-phase C 18 silica gel (YMC, Kyoto, Japan) were used for column chromatography (CC). Preparative HPLC was carried out on an Agilent 1260 Chromatograph equipped with a G1311C pump and a G1315D photodiode array detector (Agilent Technologies, CA, USA) with a C 18 reversed-phase column (Cosmosil, 10 Â 250 mm, 5 mm). All solvents used in CC and HPLC were of analytical grade (Shanghai Chemical Plant, Shanghai, P. R. China) and chromatographic grade (Fisher Scientic, New Jersey, USA), respectively.
Plant material
The leaves of M. communis 'Variegata' were collected from Shanghai city of P. R. China in November 2015 and authenticated by Prof. Guang-Xiong Zhou, Jinan University, Guangzhou, P. R. China. A voucher specimen (no. 2015110701) was deposited in the Institute of Traditional Chinese Medicine and Natural Products, Jinan University, Guangzhou, P. R. China.
Extraction and isolation
The air-dried leaves of M. communis 'Variegata' (12 kg) were pulverized and extracted with 95% EtOH (V/V, 50 L) for 4 times at room temperature. The alcoholic extract was evaporated under ) to obtain compounds 6 (7.1 mg, t R 18.7 min) and 7 (8.5 mg, t R 20.5 min).
To conrm the purity of the samples for biological test, all compounds were analyzed by HPLC equipped with a diode array detector. The purities of compounds 1-7 calculated by area normalization method were between 96.22% and 99.99% (see ESI †).
X-ray crystallographic analysis of 1 and 2
The structure was solved by direct methods and rened by fullmatrix least-squares on F 2 using SHELXL-97 package soware.
Crystallographic data for the structures have been deposited in the Cambridge Crystallographic Data Centre with the deposition number of CCDC 1529330 for 1 and CCDC 1529333 for 2 (see ESI †). 
Cytotoxicity assay
The cytotoxicity of compounds was estimated by MTT assay.
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1.5 Â 10 4 cells per well were plated into 96-well plates and cultured at 37 C in a 5% CO 2 incubator for 18 h. Then, growth medium was replaced by prepared compounds at concentrations of 3.125, 6.25, 12.5, 25, 50 or 100 mM in triplicate. Aer incubation for 48 h, the cells were treated with MTT solution for another 4 h. Subsequently, the supernatant was removed and dimethyl sulfoxide (DMSO) was added to dissolve the formazan. The absorbance was measured with a conventional microplate reader at 570 nm. Cell viability (%) was calculated as a percentage of absorbance of the medication administration team compared with the blank team. The 50% cytotoxic concentration (CC 50 ) was obtained by regression analysis of dose-response curves according to cell viability.
Antiviral effect assay
The antiviral effect of compounds was determined using a CPE reduction assay. 23 The antiviral activity of each compound was tested by using the maximal noncytotoxic concentration (MNCC) as the rst concentration. Briey, cell suspensions (1.5 Â 10 4 cells per well) were seeded to each well in 96-well plates.
Aer 18 h, monolayer of HEp-2 cells were treated with a mixture of RSV (100 TCID 50 ) and different concentrations of compounds for 72 h. The development of CPE was monitored via formation of the syncytium. The antiviral effect of compounds could be manifested by observing the lesion degree of each well through microscope. The concentration inhibiting half of CPE was assessed from observations and was considered as the half maximal inhibitory concentration (IC 50 ).
Quantum chemical ECD calculation
The systematic random conformational analysis of compounds 2 and 3 were performed in Sybyl 8.1 program by using MMFF94 s molecular force eld. All the obtained conformers were further optimized at B3LYP/6-31+G(d) level using the Gaussian 09 soware. 24 The ECD calculation of each single conformer was carried out by means of time-dependent DFT (TDDFT) methods at the B3LYP/6-31+G(d) level, as available in Gaussian 09. The overall calculated ECD curves were obtained by means of Bolthzmann weighting of single ECD spectra. The calculated ECD spectra of 2 and 3 were subsequently compared with the experimental ones. The ECD spectra were produced by SpecDis 1.6 soware.
